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Summary

This manual updates the original 1986 NASA TP-2515, **Integrated Composite Analyzer (ICAN) Users
and Programmers Manual.”" The various enhancements and newly added features are described to cnable
the user to prepare the appropriate input data to run this updated version of the ICAN code. For reference,
the micromechanics equations are provided in an appendix and should be compared to those in the original
manual for modifications. A complete output for a sample case is also provided in a separate appendix.
The input to the code includes constituent material properties, factors reflecting the fabrication process,
and laminate configuration. The code performs micromechanics, macromechanics, and laminate analyses.
including the hygrothermal response of polymer-matrix-based fiber composites. The output includes the
various ply and composite properties, the composite structural response, and the composite stress analysis
results with details on failure. The code is written in FORTRAN 77 and can be used efficiently as a self-
contained package (or as a module) in complex structural analysis programs. The input-output format has
changed considerably from the original version of ICAN and is described extensively through the use of
a sample problem.

Introduction

The most cost effective way to analyze/design fiber composite structures is through the use of computer
codes. Over the last two decades at NASA Lewis Research Center, the research in composite micromechanics
and macromechanics, which includes the effects of temperature and moisture, has resulted in the development
of several computer codes for composite mechanics and structural analysis. The primary intention of the
research was to develop composite mechanics theories and analysis methods from the level of micromechanics
to global structural analysis. These theories and analysis methods account for environmental effects and
are applicable to intraply hybrid composites, interply hybrid composites, and combinations thereof. Most
of these theories are represented by simplified equations that have been corroborated by experimental results
and finite-element analysis. The composite mechanics theories with their respective simplified equations
constitute a structured theory (fig. 1) which is (1) *upward integrated* (synthesis) from material behavior
space to structural analysis and (2) *“top-down traced”’ (decomposition) from structural response to material
behavior space. This structured theory has been incorporated into the computer code ICAN (ref. 1). The
computer software and documentation are available through the Computer Software Management and
Information Center (COSMIC). Suite 112, Barrow Hall, Athens, GA 30602.

The purpose of the present manual is to document all of the changes made to the code during the last
6 years since its initial release. These changes not only reflect “‘fixes to bugs®’ that have surfaced over
this period but also improvements to the micromechanical equations and some added features and
enhancements. Many of the changes were incorporated as a result of considerable interaction with current
industry and university users; therefore, an engineer’s/analyst’s point of view is often reflected. To illustrate
these enhancements, this manual will discuss features of the code on a line-by-line basis, primarily with
regard to the input dataset. This new version of ICAN is about 40 percent larger than its predecessor yet
it is still manageable and more user friendly.
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Figure 1.-——Upward-integrated and top-down traced structured theory for polymer-matrix composites.

Scope

ICAN was primarily designed to analyze the hygrothermomechanical response and properties of fiber-
reinforced, resin-matrix layered composites, given the local membrane loads and bending moments. Three
types of layers (fig. 2) are recognized by the program: (1) the standard composite system that consists entirely
of a primary composite made of one type of fiber and matrix; (2) the intraply hybrid composite system
that consists of a primary composite and a secondary composite arranged in a prescribed manner within
a layer (For purposes of identification, the primary composite in the hybrid is the one that constitutes the
largest volume ratio.); and (3) the interply layer that consists of the matrix. Note that in figure 2 a realistic
situation is depicted where two different fibers (open and solid circles) are shown embedded in one matrix
to exemplify an intraply hybrid composite system. In addition, ICAN recognizes moisture or temperature
gradients or both through the thickness. However, within each ply the temperature or moisture is assumed
to be constant. The limitations of the original version on the number of layers, material systems, and different
loading conditions have been removed in this version through a dynamic dimensioning scheme of the various
internal variables.
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Figure 2.—Three types of fiber-reinforced, resin-matrix layered
composites. Figure 3.—Different coordinate systems used in ICAN.

Coordinate Axes

ICAN adopts two sets of cartesian coordinate axes for presenting the results. They are the material axes
and the structural axes as shown in figure 3. The material axes are defined with respect to fiber orientation.
The direction along the fiber is denoted as 1-1, or 11, and the directions transverse to the fiber are denoted
2-2 (22) and 3-3 (33), respectively. All the ply level properties and responses are expressed with respect
to the material axes system. The global/laminate level properties and responses are given in the structural
axes system. They are denoted by x, y, and z. Any quantity with a normal orientation is represented by
the subscripts xx, yy. and zz. The shear orientations are indicated by subscripts xy, yz, and zx. Also, the
coordinate axes definitions are printed as a part of the output for easier interpretation.

Units

The primary units chosen in ICAN are the British system of units. All of the constituent properties in.
the resident data bank are expressed accordingly: inches (for length). pounds (for forces), degrees Fahrenheit
(for temperatures), BTU's (for heat), seconds/hours (for time), and psi/ksi/Mpsi (for stress-and stiffness-
related quantities). A table of units (table I is provided (by default as one of the output options) at the



beginning of the ICAN output for easy reference. Also, the units are indicated next to each constituent
property in the resident data bank (appendix A). Any user wishing to employ another system of units may
do so by updating the data bank properties into the preferred system. The output will then reflect the
appropriate unit system chosen. The user should nevertheless exercise some caution as there may have been
some hard-wired conversions of units within the source code (e.g., conversions of psi to ksi or Mpsi are
done by dividing with 1000 or I 000 000 within the code in order to print some of the variables in the
most appropriate and concise format).

New Features/Enhancements

New features/enhancements include:

(1) The output can now be tailored to specific needs by choosing the appropriate options.

(2) Several modules have been added to perform durability/fatigue type analyses for thermal as well as
mechanical cyclic loads. The code can currently assess degradation due to mechanical and thermal cyclic
loads with or without a defect.

(3) A completely redesigned dedicated data bank of constituent material properties is now available. The
details of the data bank are given in a later section. An important feature of the current data bank is a complete
description of the property, its symbol and units, along with its value.

Input Data

The ICAN input data are designed to be user friendly and versatile for various applications. The input
data are supplied through seven different card groups of information. The sequence of this information,
which must be maintained by the user, is illustrated in figure 4. Details for preparing these input data cards
are summarized in table II.

To illustrate the versatility of the code, a sample dataset is given in table II. This sample will analyze
a composite made of two different material systems. The 0° plies are an AS graphite fiber/intermediate-
modulus, low-strength epoxy matrix composite. The 90° plies are a hybrid composite of which the primary
composite is S-Glass/high-modulus, high-strength epoxy and the secondary composite is AS graphite/
intermediate-modulus, high-strength epoxy. The laminate is subjected to an in-plane membrane loading of
1000 1b/in. There are no bending or transverse loads applied.

As can be seen from table I11, the seven groups of input data cards are identified by a mnemonic to indicate
the card group it belongs to. Each physical card is divided into fields of eight columns with one entry per
field allowed. The mnemonic is entered in format A8 and the integers in format I8. The real numbers may
be entered anywhere in the appropriate field. Furthermore, a $ in the first column indicates a comment
line which the user may utilize for any comments or description of the data that follows. The user may
insert as many comments as desired to improve the readability of the input. The sequence of the groups
must be maintained, however. Also, it must be noted that, with the exception of the cyclic loads card group
(group VI), all the remaining card groups must be present. Following is a brief description of each card
group together with examples taken from table III.



TABLE [.—ICAN OUTPUT FOR TABLE OF UNITS

ICAN UNITS FOR CONSTITUENT,

PLY AND LAMINATE PROPERTIES

Property symbol Unit
ELASTIC MODULUS E psi
SHEAR MODULUS G psi
POISSONS RATIO NU non-dim
THERM. EXP. COEFF. CTE in/in/F
DENSITY RHO 1b/in**3
FIBER DIAMETER DIF in
HEAT CAPACITY c BTU/1b/F
HEAT CONDUCTIVITY K BTU-in/hr/in**2/F
STRENGTH s psi
MOISTURE EXP. COEFF. BTA in/in/1% moisture
MOISTURE DIFFUSIVITY DP in*+*2/sec
THICKNESS T in
DISTANCE TO MIDPLANE z in
ANGLE TO AXES TH degrees
TEMPERATURE TEMP F
STRAIN EPS in/in
STRESS SIG psi
‘MEMBRANE LOADS N 1b/in
BENDING LOADS M 1b in/in
MOISTURE MPC % by wt
FIBER VOLUME RATIO Kf non-dim
FIBER VOID RATIO Kv non-dim
PLY RELATIVE ROTATION DELFI = radians




TABLE II.—SUMMARY OF DETAILS FOR PREPARING INPUT DATA CARDS

Card Iden~ Code Numbex List of Card format Comments
group tification symbol of entries field
entries columns
1 Title Card TITLE 80 Alphabetic 1 to 80 (10A8) | ~---a
Characters
2 Booleans COMSAT 2 1 - 16 (A8,L8) T(true) if
laminate analysis
is desired; other-
wise F(false)
CSANB 2 . T(true) if
symmetry exists;
otherwise F(false)
BIDE 2 " T(true) if
interply
contributions are
desired; otherwise
F(false)
RINDV 2 -
T(true) if dieps.
are input; other-
wise F(false)
NONUDF 2 -
T(true) if Pois-
son’s Ratio dif-
ferences chart is
not desired;
otherwise F(false)
DEFECT 2 "
T(true) if
durability
analysis with
defect is desired;
otherwise F(false)
3 PLY (ply INP1,IP1,T 7 i,j,Tu,Tcu, 1 to 64 (A8,218 Ply layup and
desired) U,TCU,DELM AM,Bl,tl +»5F8.3) temp. and moisture
,TETA, THCK conditions
NS
4 MATCRD IPl,CODES( 8 Primary com- 1 to 72 (A8,18, Description of the
(Material) 1,1,J),C0D posite code 2A4,2E8 material systems
Es(l,2,0), names for .2,2A4, to be used
VFP,VVP, CO fiber and 3E8.2)
DES(2,1,0) matrix,
,CODES (2,2 kflkv;
(J) ,VPS,VV Secondary
&, vec composite
code names
for fiber
and matrix,
knc'kf'kv7
5 PMEMB NX,NY,NXY, 4 Nx'“y'“xy'ec 1 to 40 (A8, Membrane loads and
THCS s 4EB.4) angle to struc-
tural axis
PBEND MX, MY, MXY 3 HX,MK,Hx 1 to 32 o Bending loads
PTRAN DMX, DMY, PU 4 Quz s yz'gu' 1 to 40 - Transverse loads
+PL Py
6 Cyclic loads CNXX, CNYY, 4 Upper limit, 1 to 40 (A8, Description of
cards CNXY,CMXX, lower limit, 4E8.4) cyclic loads
CMYY, CMXY No. c¢yc.,
and B;
7 PRINT (ou- IDECHO, 2 1 to 16 (2A8) Select ocutput
tput Option INPTSUM, items

cards)

ALL




TABLE IIl. —AN ICAN SAMPLE INPUT DATA SET

$
$ Title Card -=-= Card group I
CHECK ON NEW ICAN
$
$ —--- Boolean Carxd Group--- Card group II
$
COMSAT T
CSANB F
BIDE F
RINDV F
NONUDF T
DEFECT F
----- Laminate Configuration Card Group. --- Card group IIX

$ The following is the PLY card group. The laminate configuration is

$ specified here.

PLY 1 1 70.0 70.0 .0000 0.0 0.010
PLY 2 2 70.0 70.0 .0000 80.0 0.005
PLY 3 2 70.0 70.0 .0000 90.0 0.005
PLY 4 1 70.0 70.0 .0000 0.0 0.010

Material Data Card Group --- Card group IV

$ The details of the Materials to be used in the analysis are described

S in this card group.

MATCRD 1AS~-EPOX .55 .02 AS~--IMLS (.00 .57 0.03
MATCRD 2SGLAHMHS .55 .01 AS--IMHS 0.40 .57 0.01
$ ---- Loads Card Group -~-- Card group V
$ Specify in-plane loading here.
PMEMB 1000. 0.0 0.0 0.0 NX,NY,NXY,THCS
PBEND 0.0 0.0 0.0 MX, MY, MXY
PTRAN 0.0 0.0 QXZ,QYZ,PU,PL
$ Cyclic or Fatigue Load Data Group --- Card group VI
$ specify loading for fatigue analysis. Mechanical/Thermal fatique.
$ CNXX 200. 100. 100. g.1
$ CNYY -50. ~100. 10. 0.1
$ CNXY 20. 10. 100. 0.2
$ CMXX 10. 5. 10. 0.01
$  CMYY 4. 2. 1000, 0.15
$ CMXY 2. 1. 100. 0.01
$ -<—-~ Output Selection Data Group. —---- Caxd group VII
$ You can tailor the output. O is for complete output
$ Qutput requests.
$ PRINT IDECHO Output request for input data echo (option 3)
$ PRINT INPTSUM Output reguest for summary of input data (option 4)
$ PRINT FIBMATP Output request for constituent/ ply props. (Option 5)
$ PRINT STRSTRN Output request for stress/etrain law. (Option 6)
$ PRINT PROPCOM Output request far composite properties. (option 7)
$ DRINT CONSTI Output regquest for constitutive relation. (OPTION B)
$ DPRINT REDSTIF Output request for Reduced D&A stiffness. (Option 9)
$ PRINT FEMDATA Output reguest for F.E.A. Data {option 10)
$ PRINT DISPFOR Output reguest for Force/Disp relations. (option 11)
$ PRINT PLYRESP Output request for Ply Response/Prop. (Option 12)
$ PRINT NUMISM Output request for Poisson”s Ratio mismatch(Option 13)
$ PRINT FREESTR Output request for free edge stresses. (option 14)
$  PRINT MICRO oOutput request for Microstresses/inf. coefs(Option 15)
$ PRINT STRCON Output request for stress conc, factors. (Option 16)
§ PRINT DELAMI Output regquest for delamination around hole(Option 17)
$ PRINT STRSINF oOutput request for Streas/Strain In. coef. (Option 18)
$ PRINT FAILDET -Output request for Fail. Anal. Details. (option 19)
$ PRINT FAILSUM Output request for Fail. Anal. Summary. {option 20)
$ PRINT DURAAN Output request for durability results (option 21)
$ PRINT DURADET Output request for durability details (Option 22)
$ PRINT DURASUM Output reqguest for durability summary (option 23)
$ PRINT DURADEF Output request for dura. with defect (option 24)
$ DPRINT DURDEFS Output request for dura/defect summary (option 25)
PRINT ALL Output request for complete results (OPTION Q)
$ PRINT NONE No Output is requested. (option 99)




Output options card:

one card per option Card
; G Vil
two entries per card. roup
Cyclic load cards:
six cards; gard Vi
five entries per card. foup
Load cards:
three N cards. Card Group V
aterial system detalls:
Nps Cards; Card Group IV

nine entries per card.

L

Ply detalls:
N, cards;
eight entries per card.

P e
L=

Booleans:
six cards;
two entries per card.

Card Group |li

Card Group I

Title card:
one card;
80 characters. Card Group |

Figure 4.—Sequence of input data cards.

Card Group I: Title Card

As shown, any title of length up to 80 characters including blanks may be supplied on this card. The user,
however, should not start the title with $ as it is reserved for the purpose of inserting comments throughout
the input dataset. Also, the title should not start with any of the predefined mnemonics.

o 2. -3 -4 =54 “6- T =B “9.
mm e e e o e e e e [ |

CHECK ON NEW ICAN




Card Group II: Booleans

A set of Booleans, COMSAT, CSANB. BIDE, RINDV. NONUDEF, and DEFECT is defined (one card
per Boolean) through these cards. There are six cards, one per each logical variable. The format is (8X,L8).

Boolean Value

-1- -2= -3~

COMSAT T
CSANB F
BIDE F
RINDV F

NONUDF T

DEFECT T

The variables have the following functions:

(a) COMSAT.—If COMSAT is chosen as TRUE (indicated by the letter T), then a complete laminate
response analysis is performed. The user should choose this option if there are applied loads or thermal
gradients and the response at the laminate/ply level is wanted. On the other hand, if COMSAT is FALSE
(indicated by the letter F), the program is terminated after the end of the micromechanics and
macromechanics computations. For example, the user will generally select this option as T if he/she
is interested in the ply or laminate properties.

(b) CSANB.—The letter T is entered if the composite has both membrane and bending symmetry:
otherwise, the letter F is entered.

(c) BIDE.—The letter T is entered if the interply layer contributions on the composite are desired;
otherwise, the letter F is entered.

(d) RINDV.—Whether or not the laminate is subjected to ‘‘displacement loading™” or **force loading™
is determined by this Boolean card. The letter T is entered if displacement (strains) loading is input.
The letter F is entered if the applied loads are generalized forces (membrane and bending force resultants).

(¢) NONUDEF.—The letter T is entered if the detailed Poisson’s ratio differences chart is to be suppressed.
These details pertain to the intermediate calculations necessary to compute the most probable delamination
sites along the edge of a circular hole in an infinite plate. The letter F will let the details be printed
in the output.

(f) DEFECT.—This is a new added feature. The code performs a fatigue/durability analysis for a laminate
with a defect (the defect is assumed to be a circular hole in an infinite plate) if this Boolean is TRUE.
The letter F is entered if no such analysis is desired.

Note: Of these variables, the Booleans CSANB and BIDE are always chosen to be FALSE, and the Boolean
NONUDF is chosen to be TRUE. These three Booleans are rather obsolete and will be phased out in future

versions.



Card Group III: Laminate Configuration

Information regarding the plies in the laminate, such as ply orientation, material system identification,
the use and cure temperatures, and the amount of moisture, is input in this card group. All the cards in
this group have a mnemonic PLY. There are N, number of cards (where N, is the number of plies in the
laminate) with cight entries on each card. The first card from the sample data set is shown here for illustration:

The first entry of the group I card is the mnemonic PLY. The second and third entries are identification
numbers for the ply and the material system, respectively. The fourth and fifth entries are the use temperature
and the cure temperature, respectively. The sixth entry is the percentage of moisture content by weight.
The seventh and the eighth entries are the orientation angle 6, (fig.3) and the thickness 1, of the ply.
respectively. A default value of 0.005 in. is taken for the thickness if this entry is missing. The remaining
entries on this card are mandatory. The ply identification numbers should be in sequential order starting
from the bottom ply (ply no. 1) and working up. The material system identification number could be any
integer. Thus, if all the plies are made with the same composite system, they should have the same
identification number. Different material systems, for example in the case of an interply hybrid composite
system, can be identified with unique numbers. A word of caution is in order here. If the use temperature
and/or moisture are different (e.g., to simulate a gradient) in each of the plies, then they should be given
unique material identification numbers since the code treats them as if they consist of different material
systems. The reason for this is that the degradation of material properties due to temperature and/or moisture
effects is different in each ply as the use temperature and the amount of moisture vary in cach ply.

mnemonic ply id Mat. id T, Teure Moisture 6, thick-
i j T, Teu AM ness t,
-1- -2- -3 -4- -5- -6- -7~ -8~
------- A Bl [EESRES (UNUSUY PSRN (U,
PLY 1 1.70.0 70.0 0.0 0.0 0.010

Card Group IV: Material Systems

Details regarding the choice of materials, such as fiber and matrix constituents, fiber volume ratio (f.v.r),
void volume ratio (v.v.r), and regular or hybrid composite, are provided within this card group. There
are N,,, (number of material systems) number of cards. one card representing each material system and
cach card containing nine entries. The following card is an example taken from the sample data set in table III:

Mnemonic id. Fiber/ f.v.r v.v.r Fiber/ Vee f.v.r wv.v.r

-1- -2- -3- -4- -5- -6~ -7- -8-  -9-
----- e )[R USRS OSSN T N TS
MATCRD 1AS-~IMLS .55 .02 AS--IMLS 0.0 0.57 0.03

MATCRD 2SGLAHMHS .55 .01 AS--IMHS 0.4 - 0.57 0,01




All the cards in this group have the mnemonic MATCRD which is the first entry of the card. The second
entry is the material system identification number which should be the same as the one entered on the PLY
card. The third and fourth entries are coded words for fiber and matrix materials of the primary composite,
The code words are entered in format 2A4. For example. the code for an AS fiber is AS-- and epoxy matrix
is EPOX. Note that. even though there are two entries for the primary matrix composite system, they occupy
only one ficld on the data card as shown under field -3- in this example. A complete list of the code names
for the fibers and matrices along with their properties is provided in appendix A. The user may choose
any combination of fiber and matrix for a composite system. The fourth and fifth entries pertain to the
details of the primary composite system: they are the primary fiber volume ratio and the primary void volume
ratio. respectively. The next entry refers to the secondary composite system because it is applicable for
the case of a hybrid composite ply (if a standard composite system is being analyzed. then ficld -6- should
have the same entries as field -3-). Note that this is the case with the first material system chosen in this
example. The sccond material system chosen in the sample is an intraply hybrid composite system. The
seventh entry. therefore, is the secondary composite system volume ratio (i.c.. the pereentage of the ply
consisting of the secondary system). This ratio is zero for standard composite systems. The eighth and ninth
entries are the fiber volume ratio and the void volume ratio for the sccondary composite system, respectively.
The last two values need to be entered only when applicable. Thus, in the samplc, material number 2 is
a hybrid composite consisting of a primary composite system of SGLA/HMHS at 55 percent t.v.r. and
I percent v.v.r.; 40 percent of that ply consists of the secondary composite AS/IMHS with 57 percent f.v.r.
and 1 percent vov.r.

Card Group V: Loads

The applicd loads consist of a combination of in-plane membrane loads. in-plane bending loads. and
transverse foree resultants. Each such combination constitutes a set of loading conditions. cach of which

consists of three cards and there are three times N, cards in total within this group. N, is the number of

loading conditions. The example problem in table 11 has one set of loading conditions and is reproduced
here for illustration.

Mnemonic N, N N, Thce

| PMEMB 1000.0° 0.0 0.0 0.0

The membrane loads and the orientation with respect to the structural axes arc specified on this card. The
first entry is the mnemonic PMEMB although the older mnemonic PLOAD is also allowed. The four entries
that follow the mnemonic are N, N, N,,, and .. The first three are the in-plane membrane force resultants
defined in the structural coordinate system. The last entry. 8. is the orientation of the loads with respect
to the structural axes. For this example. a load of 1000 Ib/in. is applied along the x-direction.

Mnemonic M, M, My

1l o2 23l —4-

- PBEND 0.0 0.0 0.0




The mnemonic for the next card in this group is PBEND. The in-plane bending force resultants M, M,
and M,, are specified (in lb-in./in.) on the card. The older PLOAD for the mnemonic is also valid. Note
that for this problem no bending loads are specified. The user may completely default all three fields (by
leaving blanks) following the first entry; however, the first entry is mandatory.

Hnemonic Qxx . vQy: . Pu Pi

B —2- . L3o -4- . ls_

------- ] SR RS R
PTRAN”O{O 0.0 0.0 0.0

The last card in this group is for specifying the transverse force resultants. They are Q,., Q.. (defined in
Ibfin.) for the transverse shear stress resultants, and P,, P, (in psi) for the applied transverse bpressures on
the laminate upper (top) and lower (bottom) surfaces. The mnemonic for this card is PTRAN and the older
PLOAD is still valid. Note that, if the analysis is for more than one set of loading conditions, the user
simply needs to stack up sets of three cards for each different loading condition.

Card Group VI: Cyclic Loads

This is a new feature in ICAN. A set of modules has been added to ICAN so that the user can assess
the durability/life of the composite under thermal and mechanical loads. The theoretical background and
the simplified models are discussed in reference 2. Basically, the type of input needed is the lower and
upper limits of the cyclic load, the number of cycles, and the cyclic degradation coefficient ;. The program
uses this information and computes a complete failure strength analysis based on the first-ply failure. The
failure criteria are the maximum stress criteria. The types of cyclic loads allowed are either in-plane membrane
or in-plane bending. Even though there is no request for durability analysis in this example, a detailed discussion
is provided herein for information.

Mnemonic Upper ‘Lower . cycles g,

e
s 2oo ~100. | 100000. ~0.01
v_ iCN¥t';%5§;LfglOQ} 5000.  0.02
CMXX
CMQY




There are six cards in this group. The first three are for in-plane membrane cyclic loads with mnemonics
CNXX. CNYY. and CNXY. The last three are for in-planc bending cyclic loads with mnemonics CMXX.
CMYY. and CMXY. Four entries follow the mnemonic on cach card. Entries onc and two arc the upper
and the lower cyclic load limits. The third entry is the total number of cycles to be applied. The fourth
is the cyclic degradation coefficient 8;. This cocfficient is usually in the range of 0.005 to 0.1 and must
be obtained from actual cxperimental data. Note that, in the example shown in table 11, all of these cards
are commented out.

Card Group VII: Output Options

This card group is also new in this updated version and allows the user to tailor the output to specific
nceds. Accordingly. several keywords signifying a particular analysis or a picce of information are provided
so that the user can then specify only the keywords pertinent to the analysis desired. Therefore, the complete
output need not be printed. Following is the list of all the options currently available from the sample problem
in table III:

Mnemonic keyword

“nnounanannanonnaoannanaannrngeonne

W

------ e ] ] e

PRINT IDECHO output request for input data echo (Option 3)
PRINT INPTSUM oOutput request for summary of input data (option 4)
PRINT FIBMATP oOutput request for constituent/ ply props. (Option 5)
PRINT STRSTRN oOutput request for stress/strain law. (option 6)
PRINT PROPCOM Output request for composite properties. {option 7)
PRINT CONSTI oOutput request for constitutive relation. (OPTION 8)
PRINT REDSTIF Output request for Reduced D&A stiffness. (Option 9)

PRINT FEMDATA oOutput request for F.E.A. Data (option 10)
PRINT DISPFOR oOutput request for Force/Disp relations. (Option 11)
PRINT PLYRESP oOutput request for Ply Response/Prop. (option 12)
PRINT NUMISM output request for Poisson"s Ratio mismatch(option 13)
PRINT FREESTR oOutput request for free edge stresses. (Option 14)

PRINT MICRO oOutput request for Microstresses/inf. coefs(Option 15)
PRINT STRCON oOutput request for stress conc. factors. (Option 16)
PRINT DELAMI oOutput request for delamination around hole(Option 17)
PRINT STRSINF oOutput request for Stress/Strain In. coef. (Option 18)

PRINT FAILDET oOutput request for Fail. Anal. Details. (option 19)
PRINT FAILSUM Output request for Fail. Anal. Summary. (option 20)
PRINT DURAAN oOutput request for durability results (Ooption 21)
PRINT DURADET Output request for durability details (Option 22)
PRINT DURASUM oOutput request for durability summary (option 23)
PRINT DURADEF output request for dura. with defect (Option 24)
PRINT DURDEFS oOutput request for dura/defect summary (Option 25)
PRINT ALL Output request for complete results (option 0)

PRINT NONE No output is requested. (Option 99)

Note that only the first two fields on the input card are read by the code. The first entry is the mnemonic
PRINT, and the second entry is the keyword signifying the type of information to be printed. All currently
available keywords are listed here with a brief explanation. The explanation itself is optional and is only
included to provide further information. (A more detailed description of each of the options is provided
in the section Printing Options.) The explanation may be omitted in the actual input data set. Note that
for this particular example all the requests are commented out except for the one that has the keyword ALL,
which results in the complete output being printed.



Dedicated Data Bank

The data base of constituent properties is a unique feature of the ICAN computer code. In this updated
version, the data base has been thoroughly revised to render it more user friendly and readable. The sole
purpose of the dedicated data bank is to reduce the burden of preparing the necessary data for the constituent
properties. The user only needs to specify the coded names for the fiber and matrix materials in the input
data file. Based on this information, ICAN retrieves the corresponding blocks of data (constituent properties)
from the resident data bank. The format of the data base of material properties is explained in this section
so that the user can add the properties of new materials as they become available or can modify existing
entries as appropriate to his/her needs. Data for four fibers and four matrices are provided in the present
package (appendix A). The data base is divided into two sections: fiber material properties and matrix material
properties. Each section is now described.

Fiber Material Properties

Fiber material properties is the first section of data. It begins with the title card FIBER PROPERTIES,
starting from column number one. This title card is followed by several groups/blocks of cards. Each block
corresponds to a set of required properties (e.g., thermal) for each fiber material. This means that these
cards must remain in the same format and location as presented. The first entry of the *‘block’’ of fiber
properties contains a four-character code name of a fiber in format A4, followed by a short description
of the fiber material. The code name must start from the first column, but the description is optional. The
next three cards are reserved for any comments that the user might want to include. These cards are denoted
with a § as their first entry. The 3 comment cards are followed by 16 cards, each of which starts with
a short description of a fiber property, its symbol, a value, and the units in which the value is given. The
first of these cards contains the property *‘number of fibers per end’* which should be entered as an integer
in format 15. The remaining values are real numbers in format E9.3. All values must start from column
42 so that the program can interpret them correctly. Overall, the total number of cards in the fiber properties
block is 20. A representative example of these fiber properties is shown in table 1V.

TABLE IV.—FIBER ENTRY IN DATA BANK

Description Symbol Value Units
-1« -2~ -3- -4- -5~ -6- -7~ -B8-
- | | | I- [ R (
AS-- GRAPHITE FIBER.
$
$
$
Number of fibers per end Nf 10000 number
Filament eguivalent diameter df 0.300E~03 inches
Weight density Rhof 0.€30E-01 lb/inve3
Normal moduli (11) Efl1 0.310E+08 psi
Normal moduli (22) Ef22 0.200E+07 pei
Poisson’s ratio (12) Nufl12 0.200E+00 non-dim
Poisson’s ratio (23) Ruf23 0.250E+090 non-dim
Shear moduli (12) Gf12 0.200E+07 psi
Shear moduli (23) G£23 0,100E+07 pei
Thermal expansion coef. (11) Alfafi} ~.550E-06 in/in/P
Thermal expansion coef. (22) Alfaf22 0.560E-05 in/in/P
Heat conductivity (11) K£11 0.403E4+0) BTU-in/hr/inve2/P
Heat conductivity (22) K£22 0.403E+00 BTU-in/hr/in**2/P
Heat capacity ct 0.170E+00 BTU/1b/F
Fibar tensile strength ST 0.4D0E+06 psi
Fiber compressive strength sfc 0.400E+06 psi




At the end of the fiber properties section, the words OVER END OF FIBER PROPERTIES are placed
on a card where OVER is the four-character coded name reserved to denote the end of the fiber property
section. The program looks for this coded name to stop the search for a fiber.

Matrix Material Properties

The second section of the data base contains the matrix material properties. The start of this section is
denoted by the title card MATRIX PROPERTIES. This card follows the line OVER END OF FIBER
PROPERTIES. The title card is followed by several blocks, cach representing a set of material properties
for a different matrix. These cards are in the same format as the fiber properties, except for the very first
card which has no integer value. The total number of cards in this block of matrix properties is 19. A
representative example of these matrix propertics is shown in table V.

TABLE V.—MATRIX ENTRY IN DATA BANK

Deecription Symbol Value Units
-1- -2- -3- -4- -5- -6- -7- -8-
------- L e Bt At B

IMHS INTERMEDIATE MODULUS HIGH STRENGTH MATRIX

$

$

$

Weight density Rhom 0.440E~01 1b/in**3

Normal modulus Em 0.500E+06 psi

Poisson’s ratio Num 0.350E+00 non-dim

Thermal expansion coef. Alfa m 0.360E-04 in/in/F

Matrix heat conductivity Km 0.104E+00 BTU-in/hr/in**2/F
Heat capacity Ccm 0.250E+00 BTU/1b/F

Matrix tensile strength smT 0.150E+05 pai

Matrix compressive strength smC 0.350E+05 psi

Matrix shear strength Snms 0.130E+05 psi

Allowable tensile strain eps mT 0.200E-01 in/in

Allowable compr. strain eps mC 0,500E-01 in/in

Allowable shear strain eps mS 0.350E-01 in/in

Allowable torsional strain eps mTOR  0.350E-01 in/in

Void heat conductivity kv 0.225E+00 BTU~in/hr/in**2/F
Glass transition temperature Tgdr 0.420E+03 F

The end of the matrix material properties section is indicated by the card OVER END OF MATRIX
PROPERTIES.

A significant feature of the updated data base is that the user can identify each individual material property.
on a line-by-line basis, corresponding to the fiber or matrix of interest. Thus the user can change numerical
values without any confusion or hesitation. Also, each of the blocks of fiber/matrix material properties is
separated from the others by two spaces. Even if the user adds or deletes these spaces between each block
of values, the program still searches for the required properties. Again, the only restrictions are keeping the
same format of the values available in the blocks of material properties.



Compiling and Running

The process of compiling is usually a machine-dependent procedure and requires a knowledge of the Job
Control Language (JCL) specific to the operating system under which a particular computer is running.
ICAN is primarily run on the VM operating system residing in the AMDAHL mainframe computer at the
NASA Lewis Research Center. Two “*Exec’” files required for compiling and running the sample data set
are provided in appendix B for information purposes. These files should also guide the user in developing
similar JCL files for other operating systems as well. The most common difficulty experienced in converting
this code to other systems is attributed to the different conventions followed in allocating the various OPEN
statements (I/O units) under individual operating systems. The ICAN code has been tested at NASA Lewis
on a variety of mainframes operating under different operating systems: VAX/VMS, CRAY/UNICOS,
ALLIANT, IBM/TSS, and UNIVAC. A version of ICAN for unix-based work stations is under development.
Among the PC’s, ICAN has been tested on an IBM compatible 286/386 using a MICROSOFT FORTRAN
5.0 compiler. A separate version for PC’s is also under development and will be made available at a later date.

Output: Printing Options

The output for ICAN is divided into 25 different sections which can be requested optionally by specifying
the appropriate options in the output card group of the input dataset. Each item is denoted by a keyword.
The complete output for the sample problem in table I is given in appendix C. Each of the 25 options
is briefly described in the following sections. However. it should be noted that this manual is no substitute
for a textbook on composites and, therefore, some knowledge of composite mechanics is required of the
user. The user may refer to any good textbook on composites, such as reference 3, for further understanding.
Also, it is strongly advised that the previous version of the ICAN manual (ref. 1) be used as a supplement
to this present manual for additional information.

Options 1 and 2. These options pertain to the [CAN logo, units, and coordinate systems. They are always
printed at the beginning of the output, and no choice is given to the user.

Option 3 (IDECHO). An exact replica of the input data set is printed and is generally used to check
for typographical errors.

Option 4 (INPTSUM). A concise summary of the input as interpreted by the program is given. With
this information, the user can further verify his/her data for consistency and accuracy.

Option 5 (FIBMATP). In this section of output, a complete list of fiber and matrix properties as retrieved
from the data bank is printed. Also, the ply properties as calculated by the micromechanics modules are
output. Note that the equations programmed in the micromechanics modules are updated as compared to
the original version of ICAN. They are provided in appendix D and should be referred to and compared
with the previous version (ref. 1) for any changes.

Option 6 (STRSTRN). This option prints the stress/strain relations for the composite (Hooke's law).

Option 7 (PROPCOM). The 2- and 3-D composite properties about the laminate structural axes are printed.

Option 8 (CONSTI). Constitutive relations, that is, the relations between the generalized force resultants
(in-plane membrane and bending forces) and the generalized displacements (strains and curvatures), are
printed as a result of this option.

Option 9 (REDSTIF). The stiffness matrix of a generally orthotropic material is usually expressed in
terms of three partitioned matrices: [A] for extensional stiffness, [B] for bending extension coupling stiffness,
and [D] for bending stiffness. The effect of coupling between bending and extensional forces can be integrated
into [A] and [D] to give rise to the so-called reduced stiffnesses which are printed under this option. This
information can be employed in finite-element analyses using elements with orthotropic material properties
to account for the coupling effects. However, most modern finite-element programs provide for inputting
separate material cards for extensional, coupling, and bending stiffnesses, a provision which then makes
this option obsolete.

Option 10 (FEMDATA). Some useful information for finite-element analysis is provided if this option
is invoked. For example, the MAT9 card can be directly used in MSC/NASTRAN (ref. 4) bulk data cards.

Option 11 (DISPFOR). The relations between the strains and curvatures of ‘a laminate as a result of
membrane and bending loads or the equivalent loads as a result of applied strains and curvatures are printed
in this block of output.



Option 12 (PLYRESP). The complete list of ply propertics, responses. and failure details is printed
for each ply in the laminate.

Option 13 (NUMISM). The amount of mismatch in Poisson’s ratio between the plics and the laminate
is given in a table. Sometimes this is useful information for deciding qualitatively the delamination-prone sites.

Option 14 (FREESTR). The stresses near a free-edge region are printed out. Care must be exercised
in interpreting the results. They are based on approximate engineering theories and give good qualitative
information regarding the relative magnitudes of the peaks in the individual plies. This printout is suppressed
in the case of combined loading.

Option 15 (MICRO). The microstresses in each ply are printed if this option is chosen. Two regions
of interest are considered for the computations. The first region (A) is between the fibers and is composed
entirely of matrix. The second region (B) consists of fibers as well as matrix. Figure 51s a schematic depicting
regions A and B. The relevant theoretical details regarding the development of the appropriate equations
for microstresses are provided in reference 5. Also, printed in this option is the list of microstress influence
coefficients for unit applied stresses, unit temperature differences, and unit moisture content. This table
can be used to compute microstresses resulting from any type of combined loading by using superposition.

Option 16 (STRCON). Stress concentration factors around a circular hole in an infinite plate due to
in-plane loads (N,,, N,,, and N,,) are computed and printed out if this option is chosen. The concentration
factors are computed at 5° intervals for each of these loadings. Stress concentrations under combined loading
can be computed by superposition. This information is particularly useful in estimating the static strength
of laminates with defects. All the necessary equations required for this analysis are taken from reference 6.

Option 17 (DELAMI). The most probable locations of delamination around a circular hole in an infinite
plate are estimated and printed. The Poisson’s ratio differences between the adjacent plies and the composite
are computed around a circular hole at 5° intervals. The products of the differences and the corresponding
stress concentration factors provide an insight into the probable delamination locations. It is assumed that
the onset of delamination is likely to occur at the locations for which the products of Poisson’s ratio mismatch
with the corresponding stress concentration factors are a maximum. A summary of results is provided with
the most likely locations of delamination sites given at the end. All the intermediate details of the calculations
are printed optionally if the Boolean group card NONUDF is chosen as FALSE.

Option 18 (STRSINF). In this option, a table of influence coefficients is printed out for unit membrane
loads, unit bending loads, unit temperature, and unit moisture content. This information is extremely uscful
in that the table can be utilized for computing the response under any type of combined loading without
additional analyses being conducted.

Options 19 and 20 (FAILDET and FAILSUM). Thesc options provide information regarding laminate
failure stress analysis. The complete details are provided if the option FAILDET is chosen. The second
of these options, FAILSUM, provides a concise summary of the analysis. The failure criteria are based
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Figure 5.—Definitions of regions for ply microstress calculations.



on maximum strength criteria. Details regarding both the first-ply failure (lower bound) and fiber fracture
(upper bound) are given. Failures based on combined strength criteria (Hoffman’s and Modified Distortion
Energy) are provided as a part of the ply response analysis and therefore option 12 (PLYRESP), discussed
earlier, must be selected if needed.

Option 21 (DURAAN).  Options 21 to 25 are completely new in this version of ICAN. They are concerned
with the durability and fatigue of composites with and without defects. Composite life is determined on
the basis of a combination of maximum stress-based, first-ply failure criteria. The theoretical details can
be found in reference 2. The keyword DURANN, if chosen, implies that a fatigue and durability analysis
request was made by the user. This request should be part of the input if the results from the fatigue and
durability analysis modules are to be printed. The exact nature of the output request will be determined
by the keywords that follow DURAAN.

Option 22 (DURADET). The keyword DURADET, if chosen, causes the code to print the complete
ply-by-ply details of a durability analysis.

Option 23 (DURASUM).  This keyword requests a summary of the durability analysis under a given set
of cyclic loads and a given number of applied cycles. The printed values indicate the most likely ply to
fail first from fatigue degradation.

Option 24 (DURADEF). This option is similar to option 22 but pertains to an analysis with defects.
The stress concentration effects due to the presence of defects are included in the analysis. The Boolean
card DEFECT must be chosen to be TRUE.

Option 25 (DURADEFS). This option is identical to option 23 with the exception that it pertains to
the analysis with the effects of defects included.

Options 0 and 99 (ALL and NONE). Ifa complete output from ICAN is desired. then option 0 (ALL)
is selected. All other options must be turned off or commented out. If no output is desired, option 99 (NONE)
must be specified as the output choice. This choice is useful if ICAN is embedded in a structural analysis
program as a subroutine and all the printed output may not be desired at every step of the structural analysis.



Demonstration Problems

In order to familiarize the user with the code, its various features are illustrated in three demonstration
problems presented in this scction.

Problem 1

A quasi-isotropic, eight-ply laminate ([0/45/-45/90]), is cured from 350 to 70 °F (room temperature). The
composite consists of T-300 (T300) fiber and an intermediate-modulus, high-strength matrix (IMHS) with
a fiber volume ratio of 0.55. There are no additional applicd loads. We are interested mainly in the residual
stresses due to curing. The following input dataset results:

$

$ Demcnstration Problem No. 1

$ This is a test problem to show how to incorporate residual stresses
$ due to curing from 350 F to Room Temperature.

$
This is ICAN Demol
COMSAT T
CSANB F
BIDE F
RINDV F
NONUDF T
DEFECT F
$ Eight Ply Quasi-Isotropic Laminate.
PLY 1 1 70.0 350.0 0.000 0.0 .005
PLY 2 1 70.0 350.0 0.000 45.0 .005
PLY 3 1 70.0 350.0 0.000 -45.0 .005
PLY 4 1 70.0 350.0 0.000 90.0 .005
PLY 5 1 70.0 350.0 0.000 90.0 .005
PLY 6 1 70.0 350.0 0.000 -45.0 . 005
PLY 7 1 70.0 350.0 0.000 45.0 .005
PLY 8 1 70.0 350.0 0.000 0.0 .005
$ T300 fiber in Intermediate Modulus High strength Matrix.
MATCRD 1T300IMHS .55 .00 T300IMHS 0.00 .54 0.00
$ VNo loads
PMEMB 0.0 0.0 0.0 0.0
PBEND 0.0 0.0 0.0 0.0
PTRAN 0.0 0.0
$ Ccomplete output is Requested.
PRINT ALL
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Problem 2.

This problem illustrates how to account for the degradation due to hygrothermal conditioning. The use
temperature is taken as 200 °F and the amount of moisture present in the composite is 1 percent by weight.
Furthermore, the laminate is made of an interply hybrid type of composite. The middle two plies are made
of 8-Glass fiber (SGLA) in an intermediate-modulus, low-strength epoxy (IMLS). There are no loads applied
because we are only interested in looking at the properties. The input for this problem is

Demonstration Problem No. 2

$ This is a test problem to show how to account for Hygrothermal

$ Environment Degradation. Each ply has a use temperature 200 F and
$ 1% Moisture. The laminate is made of Interply Hybrid composite.

$ No loads are applied. The Boolean "COMSAT" is set to "FALSE"” as we
$ are only interested in locking at the properties.

$

T

his is ICAN Demo2 problem

COMSAT F
CSANB F
BIDE F
RINDV F
NONUDF T
DEFECT F
$ Eight Ply Quasi-Isotropic Laminate.
PLY 1 1. 200.0 350.0 1.000 0.0 . 005
PLY 2 1 200.0 350.0 1.000 45.0 . 005
PLY 3 1 200.0 350.0 1.000 -45.0 .005
PLY 4 2 200.0 350.0 1.000 90.0 .005
PLY 5 2 200.0 350.0 1.000 90.0 .005
PLY 6 1 200.0 350.0 1.000 ~45.0 . 005
PLY 7 1 200.0 '350.0 1.000 45.0 . 005
PLY 8 1 200.0 350.0 1.000 0.0 .005

$ T300 fiber in Intermediate Modulus High Strength Matrix. (outer plies
§ SGLA fiber in Intermediate Modulus Low Strength Matrix. (90 plies)

MATCRD 1T300IMHS .55 .00 T300IMHS 0.00 .54 - 0.00
MATCRD 2SGLAIMLS .55 .00 SGLAIMLS 0.00 .54 0.00
$§ No loads
PMEMB 0.0 0.0 0.0 0.0
PBEND 0.0 0.0 0.0 0.0
PTRAN 0.0 0.0

§ Complete oOutput is Requested.
PRINT ALL




Problem 3

This problem illustrates how to apply cyclic loads and perform a durability analysis. The laminate consists
of 16 plies. Only output pertaining to the durability analysis is requested by using the selective output options.
The laminate is subjected to in-plane static loads and tension-tension cyclic load. The cyclic degradation
coefficient is taken as 0.01 and the number of cycles is 10 million. The input dataset is

$
$ Demonstration Problem No. 3

$ A quasi-isotropic laminate made of 16 plies is subjected to hygro-
$ thermal conditioning and cyclic loads. Durability analysis results
$ requested optionally.

$

T

his is ICAN Demo3 problem

COMSAT T
CSANB F
BIDE F
RINDV F
NONUDF T
DEFECT F
PLY 1 1 160.0 350.0  0.500 0.0 .005
PLY 2 1 160.0 350.0 0.500 45.0 . 005
PLY 3 1 160.0 350.0 0.500 -45.0 .005
PLY 4 1 160.0 350.0 0.500 90.0 .005
PLY 5 1 160.0 350.0 0.500 0.0 .005
PLY 6 1 160.0 350.0 0.500 45.0 .00S
PLY 7 1 160.0 350.0  0.500 -45.0 .005
PLY 8 1 160.0 350.0 0.500 90.0 . 005
PLY 9 1 160.0 350.0 0.500 90.0 .005
PLY 10 1 '160.0 350.0 0.500 ~45.0 . 005
PLY 11 1 160.0 350.0 0.500 45.0 .005
PLY 12 1 160.0 350.0 0.500 0.0 . 005
PLY 13 1 160.0 350.0 0.500 90.0 .005
PLY 14 1 160.0 350.0 0.500 -45.0 . 005
PLY 15 1 160.0 350.0 0.500 45.0 . 005
PLY 16 1 160.0 350.0 0.500 0.0 .005
MATCRD 1T300IMHS .55 .00 T300IMHS 0.00 .54 0.00
$ static Loads
PMEMB 100.06 50.0 0.0 0.0
PBEND 0.0 0.0 0.0 0.0
PTRAN 0.0 c.0
$ cyclic Loads. (tension - tension)
CNXX 200. 6.0 1.E+07 0.01
CNYY 0. 0.0 1.E+00 0.01
CNXY 0. 0.0 1.E+00 0.01
CMXX 0. 0.0 1.E+00 0.01
CMYY 0. 0.0 1.E+00 0.01
CMXY 0. 0.0 1.E+00 0.01
$ only the durability analysis results are reguested.
PRINT DURAAN OUTPUT REQUEST FOR DURABILITY RESULTS (OPTION 21)
PRINT DURADET OUTPUT REQUEST FOR DURABILITY DETAILS (OPTION 22)
PRINT DURASUM OUTPUT REQUEST FOR DURABILITY SUMMARY {({OPTION 23)
$ PRINT ALL

Parts of output taken from demonstration problem 3 are included in appendix C to show the new features
of this updated ICAN version. These features pertain to the output requests for the durability analysis, an
application for which can be found in reference 7.
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Special Considerations

There may arise many occasions where one has to simulate a nonstandard layer or ply. Reference 8 provides
examples of the versatility of ICAN in simulating a variety of problem situations. Of the interesting examples
discussed in this section, one is simulating the problem of a thin layer of adhesive. This simulation can
be achieved by the following steps:

(1) Create a fiber with the properties of the adhesive in the resident data bank by copying an existing
block of fiber properties and editing them to reflect the adhesive properties. The fiber can then be named
with a unique four-character code name, such as ADHF.

(2) Create a matrix card set with the properties of the adhesive along the same lines as above and name
it, for example, ADHM.

(3) Choose a very low fiber volume ratio (e.g., 0.01) for the adhesive layer.

(4) Specify the appropriate thickness for the adhesive on the PLY card.

Note that this procedure can be used to simulate any layer made of an isotropic material. It can also be
used to model interply layers (thin resin-rich layers between adjacent plies of the order of the fiber diameter).

Another example of simulation for a nonstandard composite is a woven (textile) composite system. The
steps involved in creating the input dataset are the following:

(1) Divide the woven layer into two plies, 0° and 90°, assigning half of the woven layer thickness to
each ply.

(2) Determine the fiber volume ratios in each, based on the warp and fill direction information, and use
this information on the MATCRD card to define the material system (ref. 8).

Summary

An updated version of the computer program ICAN (Integrated Composite Analyzer) is described in detail
from a user’s point of view. The program aids in all the essential aspects of analysis and design of multilayered
fiber composites. It is modular, open ended, and user friendly. It can handle a variety of composite systems
having one type of fiber and one matrix as constituents as well as intraply and interply hybrid composite
systems. It can also simulate isotropic layers by considering a primary composite system with negligible
fiber volume content. This feature is specifically useful in modeling thin interply matrix layers. The program
can account for hygrothermal conditions and various combinations of in-plane and bending loads. A sample
input and its generated output illustrate how to use the code. Three sample problems are provided to illustrate
the various capabilities of the code. Some of the key analysis capabilities of the code are stress concentration
factors around a circular hole, locations of probable delamination, a summary of the laminate failure stress
analysis, free-edge stresses, microstresses, ply stress-strain influence coefficients, and durability/fatigue
analysis with and without defects. These features make this second-generation ICAN an even more powerful,
cost-effective tool for analyzing/designing polymer-matrix-based fiber composite structures and components.

Future Plans

Versions of ICAN for UNIX-based work stations and for MICROSOFT Windows running on IBM PC’s
are in the planning stages. Theoretical developments to include damping in the analysis are complete and
will be incorporated in the code shortly. Analyses for long-term, time-exposure effects (degradation due
to aging, creep, etc.) need to be developed and incorporated in the code.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, April 28, 1992



FIBER PROPERTIES
T300 GRAPHITE FIBER.
$

$

Number of fibers per end
Filament equivalent diameter
Weight density

Normal moduli (1l1)

Normal moduli (22)

Poisson"s ratio (12)
Poisson"s ratio (23)

Shear moduli (12)

Shear moduli (23)

Thermal expansion coef. (1l1)
Thermal expansion coef. (22)
Heat conductivity (11)

Heat conductivity (22)

Heat capacity

Fiber tensile strength
Fiber compressive strength

AS--
$
$

Number of fibers per end
Filament equivalent diameter
Weight density

Normal moduli (1l1)

Normal moduli (22)

Poisson"s ratio (12)
Poisson"s ratio (23)

Shear moduli (12)

Shear moduli (23)

Thermal expansion coef. (1l1)
Thermal expansion coef. (22)
Heat conductivity (11)

Heat conductivity (22)

Heat capacity

Fiber tensile strength
Fiber compressive strength

GRAPHITE FIBER.

SGLA
$
$

Number of fibers per end
Filament equivalent diameter
Weight density

Normal moduli (11)

Normal moduli (22)

Poisson"s ratio (12)
Poisson"s ratio (23)

Shear moduli (12)

Shear moduli (23)

Thermal expansion coef. (11)
Thermal expansion coef. (22)
Heat conductivity (11)

S- GLASS FIBER.

Appendix A
Dedicated Data Bank (DATABK DATA A)

Nf

df

Rhof
Efll
Ef22
Nufl2
Nuf23
Gfl2
Gf23
Alfafll
Alfaf22
Kfll
Kf22

ct

SET

sfcC

Nf

df
Rhof
Efll
Ef22
Nufl2
Nuf23
Gfl2
Gf23
Alfafll
Alfaf22
Kfll
Kf22

cf

SEfT
SfC

Nf

daf

Rhof
Efll
Ef22
Nufl2
Nuf23
Gfl2
Gf23
Alfafll
Alfaf22
Kfll

3000
0.300E-03
0.640E-01
.320E+08
.200E+07
.200E+00
.250E+00
.130E+07
. 700E+06
.550E-06
.560E-05
0.403E+01
0.403E+00
0.170E+00
0.350E+06
0.300E+06

QI OOOOQCO

10000

0.300E-03
0.630E-01
0.310E+08
0.200E+07
0.200E+00
0.250E+00
0.200E+07
0.100E+07
-.550E-06
0.560E-05
0.403E+01
0.403E+00
0.170E+00
0.400E+06
0.400E+06

204
+360E-03
.900E-01
.124E+08
.124E+08
.200E+00
.200E+00
.517E+07
.517E+07
.280E-05
.280E-05
.208E-02

NMOOOOOOOOOO

number

inches

1b/in**3

psi

psi

non-dim

non-dim

psi

psi

in/in/F

in/in/F
BTU~in/hr/in**2[F
BTU-in/hr/in**2/F
BTU/1b/F

psi

psi

number

inches

1b/in**3

psi

psi

non-dim

non-dim

psi

psi

in/4in/F

in/in/F
BTU-in/hr/in**2/F
BTU-in/hr/in**2[F
BTU/1b/F

psi

psi

number
inches
1b/in**3
psi

psi
non-dim
non-dim
psi

psi
in/in/F
in/in/F
BTU-in/hr/in**2[F



Heat conductivity (22)
Heat capacity

Fiber tensile strength
Fiber compressive strength

HMSF HIGH MODULUS SURFACE TREATED FIBER.
$

$

Number of fibers per end
Filament equivalent diameter
Weight density

Normal moduli (11)

Normal moduli (22)

Poisson"s ratio (12)
Poisson"s ratio (23)

Shear moduli (12)

Shear moduli (23)

Thermal expansion coef. (11)
Thermal expansion coef. (22)
Heat conductivity (11)

Heat conductivity (22)

Heat capacity

Fiber tensile strength
Fiber compressive strength

OVER END OF FIBER PROPERTIES

MATRIX PROPERTIES

IMLS INTERMEDIATE MODULUS LOW

$
$

$

Weight density

Normal modulus

Poisson"s ratio

Thermal expansion coef.
Matrix heat conductivity
Heat capacity

Matrix tensile strength
Matrix compressive strength
Matrix shear strength
Allowable tensile strain
Allowable compr. strain
Allowable shear strain
Allowable torsional strain
Void heat conductivity
Glass transition temperature

Kf22
cf
SfT
SfcC

Nf

df
Rhof
Efll
Ef22
Nufl2
Nuf23
Gfl2
Gf23
Alfafll
Alfaf22
Kfll
Kf22

cf

SfT
SfcC

5.208E-02
0.170E+00
0.360E+06
0.300E+06

10000

0.300E-03
0.703E-01
0.550E+08
0.900E+06
0.200E+00
0.250E+00
0.110E+07
0.700E+06
-.550E-06
0.560E-05
0.403E+01
0.403E+00
0.170E+00
0.280E+06
0.200E+06

STRENGTH MATRIX.

Rhom
Em
Num
Alfa m
Km

Cm

SmT
SmC
SmS
eps mT
eps mC
eps mS
eps mTOR
kv
Tgdr

0.460E-01
0.500E+06
0.410E+00
0.570E-04
8.68lE-03
0.250E+00
0.700E+04
0.210E+05
0.700E+04
0.140E-01
0.420E-01
0.320E-01
0.320E-01
0.225E+00
0.420E+03

IMHS INTERMEDIATE MODULUS HIGH STRENGTH MATRIX.
$

$

$

Weight density

Normal modulus

Poisson"s ratio

Thermal expansion coef.

Matrix heat conductivity
Heat capacity

Matrix tensile strength

Rhom
Em

Alfam
Km

Cm

SmT

0.440E-01
0.500E+06
0.350E+00
0.360E-04
8.681E-03
0.250E+00
0.150E+405

BTU-in/hr/in**2/F
BTU/1b/F

psi

psi

number

inches

1b/in**3

psi

psi

non-dim

non-dim

psi

psi

in/in/F

in/in/F
BTU-in/hr/in**2/F
BTU-in/hr/in**2/F
BTU/1b/F

psi

psi

1b/in**3

psi

non-dim

in/in/F
BTU-in/hr/in**2/F
BTU/1b/F

psi

psi

psi

in/in

in/in

in/in

in/in
BTU-in/hr/in**2/F
F

1b/in**3

psi

non-dim

in/in/F
BTU-in/hr/in**2/F
BTU/1b/F

psi



Matrix compressive strength SmC 0.350E+05 psi

Matrix shear strength SmS 0.130E+05 psi

Allowable tensile strain eps mT 0.200E-01 in/in

Allowable compr. strain eps mC 0.500E-01 in/in

Allowable shear strain eps mS 0.350E-01 in/in

Allowable torsional strain eps mTOR 0.350E-01 in/in

Void heat conductivity kv 0.225E+00 BTU-in/hr/in**2/F
Glass transition temperature Tgdr 0.420E+03 F

HMHS HIGH MODULUS HIGH STRENGTH MATRIX.

$

:

Weight density Rhom 0.450E-01 1b/4in**3

Normal modulus Em 0.750E+06 psi

Poisson"s ratio Num 0.350E+00 non-dim

Thermal expansion coef. Alfa m 0.400E-04 in/in/F

Matrix heat conductivity Km 8.681E-03 BTU-in/hr/in**2/F
Heat capacit{ Cm 0.250E+00 BTU/1b/F

Matrix tensile strength SmT 0.200E+05 psi

Matrix compressive strength SmC 0.500E+05 psi

Matrix shear strength SmS 0.150E+05 psi

Allowable tensile strain eps mT 0.200E-01 in/in

Allowable compr. strain eps mC 0.500E-01 in/in

Allowable shear strain eps mS 0.400E-01 in/in

Allowable torsional strain eps mTOR 0.400E-01 in/in

Void heat conductivity kv 0.225E+00 BTU-in/hr/in**2[F
Glass transition temperature Tgdr 0.420E+03 F

EPOX IMHS INTERMEDIATE MODULUS HIGH STRENGTH MATRIX.

$

:

Weight density Rhom +443E-01 1b/in**3

Normal modulus Em .500E+06 psi

Poisson"s ratio Num .350E+00 non-dim

Thermal expansion coef. Alfa m .428E-04 in/in/F

Matrix heat conductivity Km 8.681E-03 BTU-in/hr/in**2/F
Heat capacity Cm +250E+00 BTU/1b/F

Matrix tensile strength SmT .150E+05 psi

Matrix compressive strength SmC .350E+05 psi

Matrix shear strength SmS .130E+05 psi

Allowable tensile strain eps nT .200E-01 in/in

Allowable compr. strain eps mC .500E-01 in/in

Allowable shear strain eps mS +450E-01 in/in

Allowable torsional strain eps mTOR .450E-01 in/in

Void heat conductivity kv .225E+00 BTU-in/hr/in**2/F
Glass transition temperature Tgdr .420E+03 F

OVER END OF MATRIX PROPERTIES



Appendix B
EXEC Files to Run ICAN

An EXEC File for Compiling ICAN Under VM Operating System

/* COMPILE EXEC */

ARG phylen phytyp phymod junk
‘*set cmstype ht’’

FORTVS2 phylen **(MAP FLAG (E) opt(2) NOPRINT™
rcode = rc

if rcode = 4 then rcode =0

‘‘set cmstype rt”’

load phylen **(clear™

genmod phylen

erase phylen text phymod

exit rcode

Notes:

The command **FORTVS2"" is VM specific and is invoked to compile the source code. The commands

“‘Load’

/lll
/*
/*
/*
/*
/l‘l
/AI
/t

eI e T I T o

" and “*Genmod’’ are used to link and generate the executable file or **module’

An EXEC file for running ICAN on a sample dataset

__________________________________________________________________ X *
X ¥

ican EXEC X

X

This 1s a REXX EXEC file to run Newlcan X ¥
File unit 5 is for input. X
File unit 8 is for Databank. X

X ¥

____________________________ X 4

parse arg fn fm ft fout.

if fout = **** then fout = “*newout"

“FILEDEF FTO5F001 DISK “‘fn”’ DATA Al"

“FILEDEF FTO6F001 DISK ‘‘fout’ LISTING A1’

“FILEDEF FTO7F001 DISK JUNK DAT Al (Irecl 132 xtent 9999

“ican”’

*fil * clear”
*‘erase junk dat al™’

exit rc

Notes:

In the above exec, the command FILEDEF assigns the physical I/O units to the appropriate files. Thus,
the main input file is attached to unit 5 (FTO5F001) and the output is attached to unit 6 (FTO6F001). The
unit 7 (FTO7F001) is used for intermediate operations and is scratched at the end of the run. The resident
data bank is attached to unit 8 internally through open statement.

For any additional information regarding the VM commands, the user should refer to VM reference and
Fortran manuals.



Appendix C
Complete Printed Output For Sample Problem in Table I1I and Partial

ion Problem 3 (Output Option 22)

Output for Demonstrat
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Appendix D
Micromechanics Equations

Symbols

C heat capacity

D moisture diffusivity
d diameter

E Young's modulus (normal)
G shear modulus

K thermal conductivity
k volume fraction

M moisture

A) strength

T temperature

>

T temperature difference

o coefficient of thermal expansion
B coefficient of moisture expansion
v Poisson’s ratio

P density

[of stress

Subscripts:

C compressive

F flexural

f fiber

H hybrid composite system
Y

ply or slice (subply)

m matrix
P primary composite system
S secondary composite system or shear strength
T tensile
voids

material axis, along the fiber

V
|
2.3 material axis, transverse to the fiber

Micromechanics Equations for Polymer Composites
1. Mechanical properties (from subroutines FIBMT, HTM and COMPP of ICAN):

Note: Correction for voids:
If the void volume ratio is k,, then the apparent f.v.r and m.v.r must be updated to obtain the actual f.v.r
and m.v.r, respectively, as defined below where the barred variables are the actual values:

k= (1= k) ks
and
km = (l - kr)km

Note that in the following cquations the ‘bars’ are omitted.



Density:

Pey = k{ p[‘ + kmpm

Moduli:

Ei‘]l = k/'E[‘ + k)llElH

ENI
Epy =
! E/n
I =k {l - ?
En)
Ey=Ens
GNI
G, =
i Gnl
' Gpi
GNI
Gy =
GHI
Gy
Gz =G

Poisson’s ratios:

Vip = vy t+ k/ {I{I'll - Vm}
Py = Vo2

Eia
Ey

Vioa = kf Vi + km <2Vm -
I1. Thermal Properties:
Thermal expansion coefficients:

— [ a.f‘] |ka/ i + amkmEm }
Eqy

Qypy
Qprr = Ay \//\', + (l - \’/k/) (1 +

Q33 = Q22

Vr‘l:)

kr'VmEHI

El‘ll

> al!l

79



80

Thermal conductivities:

Modify the conductivity of the matrix if there are voids.

\/k\' KN!

/ K/)I
I — Nk <| - ?>

Kl‘ll = ktK/ + kam

Km = (l - \/rkv)Km +

/1.
vk K,
Kon = (1 = VDK, + !
’ K

| - \/k,gl — z
' K

Kz = K

Thermal capacity:

o kafpf + k0 Con
Py

o

II1. Hygral properties:

Moisture diffusivities:
Dy, = k,D,,
Dy = (1 — \/kf)Dm
Dy33 = Dy

Moisture expansion coefficients:

BlnkmEm
Ey,

Bz = Bu (1 ~ Vky) <1 + Mﬂ)

Ben =

IV. Strengths:
Ply strengths:

Longitudinal tensile strength (Sy,7):

E
St = Sair (k/» + &, E—'"> (same in all routines)
f11

or

Spi7 = ksSpyr (This is a simplified equation).



Longitudinal compressive strength (S,¢):

E
Fiber crushing mode: Seciie = Spic <1\-/ + &, E’”)
1

or
Seene = S/ll('k/'

Delamination modc:

s =10 Sihs + 258,71 1 Ak
DLIIC (128 <~ IT 7r(1 - I\,)
Microbuckling mode:
4k,
Gm I - VN
w1 = k)
Semiie =
4k,
Gnl I - VTN
(1 — k)
L=k 1- ’
G

Siie = min. (Sgerics SpLiies Semine)

Transverse tensile strength (S)527):

/ ' Em 4 kr
Spar = ¢ 1 — (Vkr‘_ kf> I~ Swr 1 = —
- Epm a(l = &)

Transverse compressive strength (S25¢):

\ E
Sime = {1 = (Vk;— & <l - ’”>
- { ( ) Ep>
4k,
X Sln(‘ 1 - _—
i w(l —k,-)}

G
Suas =41 = (Nky— ks (1 - >
f2s { ( 'y .f) G_ﬂ:}
4k,
X SmS 1 —
{ w( —k»}

In-plane shear strength (S;25):
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Flexural strengths:

Through-the-thickness shear strength (S;235):

Short-beam shear strength (Syz):
Sisp(Snas) = 1.5 Syag
Longitudinal and transverse flexural strengths:

Note: The following flexural strengths are based on parabolic stress distribution through beam depth. These
strengths are calculated in the subroutine FLEXX of ICAN,

Parabolic solution (default output)

Longitudinal flexural strength (S;,):

2.5 Sy
Soqip=—"
|+ Senr
Suic
Transverse flexural strength (Sp»p):
2.5 Spar
S¢2ap = ————— (This is the equation currently

|+ Spar  programmed in ICAN).

Sp2c
Micromechanics Equations For Intraply Hybrids
1. Mechanical properties (from subroutine COMPP):
Density:
pe = (1 = kp)pep + kpys
Moduli:

Eyig = (1 —kp)Epp + kpEy s




Ensp = (1 — ky)Epap + kyEpyag

Goap
Gy = G
! +kH< ””’—1)
Giang
Giaip
Gy =

G-
1+kH<'3P—1>
Giasg
Gz = (1 — k) Gyzp + kyGas
Poisson’s Ratios:

vy = (1 — ky) vpap + kg v

ver = (1 — kn) veop + kyvios

Eiry
Vexsw = Ve T
1334

Vezp — Vrizs

E(JJP

Voyn = vuap + kg

(1 —ky) — ky

338

II. Thermal properties:

K Eng
oy p + Kyl ags o o p

e
E.
1+ ky <—”'S —~ 1>
E!‘llP

0‘1’22."(] + viasp) + Vazp e

A =

oy = (1 = ky)

+ ky

Ofms(l + Vrm‘) + ves ams" ~ VneH Qe T Vi3H Qs

— v Evam ey + (1 — ky)Egaap (drzzp + vaapan IP’)

Ay33y =

334

+ kyEisss (011‘2:5 + Yas g IS)
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Thermal conductivities:
Kivp = (1 — k) Koyp + kK1

Kinp
Kion =
Koy
- <1 ~ —*~~S>
Kixnp

Kisay = (1 — k) Kinzp + kpKass

I1. Hygral properties:

Moisture diffusivities:
D(’llH = (l - kH)kaDmP + kamSDmS

Dioy = (1 = ki) (1 = Nkp) Dyp + kyy (1 = Vkgs) D5

Dy33p = Diyoy

Moisture expansion coefficients:

1
Bl'l \H= ‘ ( 1 — kH)ka 6/11[’ EmP + kamS BINS EmS
(IH

1 |
Brau = { !5:‘331’ + (voze — viau) (Beip — 6&’IIH)E Epzapkp + lﬁms + (vuss

Evszy
= v3n) (Beois — B(’IIH)% Er33sks}

Bizon = kp ’31‘225’ + (vozp = vn2) Bone = Bonw) + (isp — vina) (Braap — 51’33;{)‘

+ kp | Bizas + (Pnas — van2) (Bens — Boiw) + (vezas — vima) (Brszs — 5:’3311){

where kp and kg are the primary and the secondary composite volume ratios, respectively, and are given by

kp= (l _kH) and kS=kH

1V. Strengths:

In-plane strengths:
Suiir = kpSevze + ks Suizs

Suiic = kpSuice + ks Suics
Seoar = min. (Spazp, Sears)
Stpac = min. (Spaces Sacs)

Swizs = min. (Spasp, Spiass)
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Flexural strengths:

Spaxs = min. (S;azsp. Se2iss)

Grac G,
Sp13s = min. St‘IBSP<kP + kg 6ﬂ> Siass <kS + kp .|3p>

03P n3s
. Eys Enp
Spip = min. Si'IIFP<kP + ks — ), Saips| ks + kp —
nip s

Stpop = min. (Sy2pp, Si22rs)
Equations for Microstresses
Primary composite system:
The following are a few intermediate ply quantities that are needed in the calculation of microstresses:

The transverse modulus E, is given by

m

E
I — vk, <1 e
A En

Ep = (1 =Vk) E, + Vi

The transverse shear modulus Gy> is given by

GIH

G
(1= %)
12

Gll = (1 - \//\t) Gm + \/k:f

The transverse shear modulus G,s is given by

Microstresses due to mechanical loads:

Ply microstresses due to a longitudinal stress o, are given by

m

Ot = Oty

11
E;

f
g = p1
Ey,

Om224 — (Vm - Vt']l) Oml1
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(1 = Vky)

- X 0224
Vi
022 = 0228
Om33a = Om224
On33B = Op22B
0]'33 = Uf'n

Ply microstresses due to a transverse stress op» are given by

_ m
Tpiy = (Vm - V!'IZ) 022
[N

P _ Em p
m224 — €22
E’)"
Ei'22
Om228 = 022
E’)ﬁ

_ m
Om3zg = (Vm - Vl’l}) 022
€22
(1 — vk

Om3a3zp = — On334

vk
0733 = 0,338

Ply microstresses due to in-plane shear stress g;,, are given by

GIN

Omi2a = —— Op2
12

G“"

2

Omizp = 012

12

0712 = Omi2g

Ply microstresses due to in-plane shear stress o;,; are given by



G

"

O34 = [k
G
G

Om3B = —— 03
GIW

Ony = Opiip

Ply microstresses due to in-planc shear stress g;-y are given by

o _ GIH
m234 — (23
G
Gy
Om23g = 023
Gz

O3 = 0238

Microstresses due to thermal loads:

Ply microstresses due to a temperature gradient A7, are given by
i1 = (al']l - am) ATI'Em
o = (ap — apy) ATE,

Opa2a = (at‘ZZ - Ol,,,) ATA’Em

(1 — V)
Om228 = — . Op224
vy
0/17 = Oxnpg
Om3zd = 0224

Op3zp = 012

033 = O1p

Microstresses due to moisture loads:

Ply microstresses due to a moisture M, are given by
Omi1 = (B!‘Il - Bm) Ml'Em
om1 = (Bar — Bni) MEp,

Om224 = (BFIE - Bm)Ml'Em



02 = 0228
Om33za = 0224

Om33g = 0228

0p33 = Onp

Secondary composite system:

The microstress equations for the secondary composite system are similar to those for the primary composite
system. The constituent and ply properties for the primary composite system should be replaced by the
corresponding quantities for the secondary composite system.
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